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FLASH MEMORY WITH BURIED BIT LINES 

TECHNICAL FIELD 

The present claimed invention generally relates to semiconductor devices. More specifically, the 
present claimed invention relates to flash memory cells. 

5 

BACKGROUND ART 

The architecture of a conventional flash memory array is known in the art. Generally, a memory 
array includes a number of lines arranged as rows and columns. The rows of the array are commonly 
referred to as word lines and the columns as bit lines. The word lines and bit lines overlap at what can 
10 be referred to as nodes. Situated at or near each node is a memory cell, which is generally some type of 
transistor. In a virtual ground architecture, a bit line can serve as either a source or drain line for the 
transistor (memory cell), depending on which memory cell is being program verified or read. 

A typical flash memory cell includes a substrate in which source and drain regions have been 
15 formed, and a gate element formed on the substrate in proximity to the source and drain regions. The 
gate element typically includes a floating gate and a control gate separated by an oxide-nitride-oxide 
(ONO) layer. The gate element and the substrate (specifically, the source and drain regions in the 
substrate) are typically separated by a tunnel oxide layer that consists of silicon dioxide. 

20 While conventional memory cells perform satisfactorily, it is desirable to scale them down in 

size so that a greater number of memory cells can be put into a given area. Furthermore, increasing the 
density of memory cells is expected to increase the speed at which the memory array operates. 

Accordingly, a device and/or method that increases the density of memory cells in a memory 
25 array would be of value. The present invention provides this and other advantages. 
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DISCLOSURE OF THE INVENTION 

Embodiments of the present invention pertain to flash memory cells and methods of forming 
the same. In one embodiment, a memory cell is formed on a substrate. The memory cell includes a 
floating gate that is formed at least in part within the substrate. A bit line region is formed within the 
5 substrate in proximity to the floating gate. That is, the bit line is buried within the substrate adjacent to 
the floating gate. Because of the configuration of the bit line and the floating gate, memory cells can be 
located closer to each other, increasing the density of memory cells in a memory array. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and form a part of this specification, 
illustrate embodiments of the invention and, together with the description, serve to explain the principles 
of the invention: 

5 

FIGURE 1 illustrates a cross-sectional view of a portion of a memory array according to one 
embodiment of the present invention. 

FIGURE 2 illustrates a view from above of a portion of a memory array according to one 
10 embodiment of the present invention. 

FIGURE 3 is a flowchart of a method for forming memory cells according to one embodiment 
of the present invention. 

15 FIGURES 4A, 4B, 4C, 4D and 4E illustrate memory cells at various stages as they are being 

formed according to one embodiment of the present invention. 

The drawings referred to in this description should be understood as not being drawn to scale 
except if specifically noted. 
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BEST MODES FOR CARRYING OUT THE INVENTION 

Reference will now be made in detail to embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. While the invention will be described in conjunction with 
these embodiments, it will be understood that they are not intended to limit the invention to these 

5 embodiments. On the contrary, the invention is intended to cover alternatives, modifications and 
equivalents, which may be included within the spirit and scope of the invention as defined by the 
appended claims. Furthermore, in the following detailed description of the present invention, numerous 
specific details are set forth in order to provide a thorough understanding of the present invention. 
However, the present invention may be practiced without these specific details. In other instances, well- 

10 known methods, procedures, components, and circuits have not been described in detail as not to 
unnecessarily obscure aspects of the present invention. 

Some portions of the detailed descriptions that follow are presented in terms of procedures, 
logic blocks, processing, and other symbolic representations of operations for fabricating semiconductor 

1 5 devices. These descriptions and representations are the means used by those skilled in the art of 

semiconductor device fabrication to most effectively convey the substance of their work to others skilled 
in the art. In the present application, a procedure, logic block, process, or the like, is conceived to be a 
self-consistent sequence of steps or instructions leading to a desired result. The steps are those requiring 
physical manipulations of physical quantities. It should be borne in mind, however, that all of these and 

20 similar terms are to be associated with the appropriate physical quantities and are merely convenient 
labels applied to these quantities. Unless specifically stated otherwise as apparent from the following 
discussions, it is appreciated that throughout the present application, discussions utilizing terms such as 
"forming," "performing," "producing," "depositing," "filling," "implanting" or "etching" or the like, refer 
to actions and processes (e.g., flowchart 300 of Figure 3) of semiconductor device fabrication. 

25 

Figure 1 is a representation of a portion of a memory array 1 00 according to one embodiment of 
the present invention. In one embodiment, memory array 100 is a flash memory array. 

In the present embodiment, a typical node in the memory array 100 includes a floating gate 14 
30 that is, at least in part, located within substrate 10. That is, a portion of the floating gate 14 is located 
below the surface of substrate 10, while part of the floating gate 14 extends above the surface of the 
substrate 10. The other floating gates in the memory array 100 (e.g., floating gates 19 and 20) are also 
partially buried within the substrate 10. 

35 A tunnel oxide layer 13 separates the floating gate 14 from the substrate 10. A floating gate 1 1 

is situated above the floating gate 14. A dielectric layer ("interpoly dielectric") 12 separates the floating 
gate 14 from the control gate 11. Significantly, control gate 1 1 extends across adjacent nodes and 
functions as a word line (refer to Figure 2). 

40 In one embodiment, the dielectric layer 12 has a relatively constant thickness that follows the 
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contours of the substrate 10 and the floating gates 14, 19 and 20. In one embodiment, control gate 1 1 
has a thickness that varies as it follows the contours of the substrate 10 and the floating gates 14, 19 and 
20. This is exemplified by region 26 of control gate 1 1 ; region 26 of control gate 1 1 is thicker between 
the floating gates 14 and 20. In the embodiment illustrated by Figure 1, the control gate 1 1 and the 
5 dielectric layer 12 extend into the regions between the floating gates 14, 19 and 20, in effect forming a 
barrier between adjacent floating gates. As such, the capacitance between adjacent floating gates is 
reduced. 

Also of significance, the bit lines (e.g., bit lines 15, 18 and 24) are located within substrate 10. 
10 Specifically, the bit lines 15, 18 and 24 are buried within the substrate 10. In the present embodiment, 
the bit lines 15, 18 and 24 are situated along two adjacent surfaces of a respective floating gate. For 
example, as can be seen from Figure 1, bit line 15 is situated along one of the sides of the floating gate 
14 and along the bottom of floating gate 14 (here, "bottom" refers to the orientation of Figure 1). Bit 
lines 18 and 24 are similarly configured. 

15 

In comparison to a node in a conventional memory array, memory array 100 of Figure 1 
incorporates some strikingly different features. For example, as mentioned above, the floating gates of 
memory array 100 are at least partially buried in the substrate rather than being situated on top of the 
substrate. Moreover, the nodes of memory array 100 do not include separate source and drain regions as 
20 in a conventional memory array. Further comparisons between memory array 100 and a conventional 
memory array would identify additional differences. 

In practice, the features of the present invention offer a number of advantages. First, the 
memory cells can be located closer to one another, so that a greater number of memory cells can be 

25 located within a given area. Importantly, this is achieved while maintaining a satisfactory channel 

length. That is, relative to the conventional art, the features of the present invention allow memory cells 
to be situated closer to each other^ without necessarily reducing channel length. This is demonstrated by 
looking at representative channel 16 of Figure 1. The length of channel 16 is greater than the distance 
between adjacent nodes (e.g., the nodes comprising floating gates 14 and 20). Current flow is from one 

30 bit line to another (e.g., from point A on bit line 15 to point B on bit line 18). The distance traveled by 
this current is greater than the distance between adjacent nodes (e.g., the nodes at bit lines 15 and 18). 

Another advantage provided by the present invention is improved programming efficiency. This 
is demonstrated by considering representative electron flow path 17 of Figure 1. Electrons flow from 
35 point C to point D. Some of the electrons will travel straight from point C into floating gate 19 

(sometimes referred to as a ballistic effect). Floating gate 19 is thus in the path of some electrons and, 
consequently, programming the floating gate is less reliant on the scattering of electrons, as in the 
conventional art. As a result, floating gate 19 is more efficiently programmed. 

40 In one embodiment, substrate 10 is a silicon substrate, the control gate 1 1 and the floating gates 
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14, 19 and 20 are formed of polysilicon, the dielectric layer 12 is formed of oxide-nitride-oxide, the 
tunnel oxide 13 is silicon dioxide, and the bit lines 15, 18 and 24 are formed using an arsenic dopant. 
Other suitable materials can be used. 

5 Figure 2 illustrates a view from above of a portion of memory array 100 according to one 

embodiment of the present invention, Bit lines 15 and 18 are buried in the substrate of memory array 
100 but are shown in Figure 2 to better visualize certain aspects of the invention. 

As mentioned above, control gates 1 1 and 23 function as word lines. The control gates 1 1 and 
10 23 are essentially perpendicular to the bit lines 15 and 18. Floating gates 14 and 20, for example, lie at 
or near the junction of control gate 1 1 with bit lines 15 and 18, respectively. 

Figure 2 illustrates trenches 21 and 22 running substantially parallel to the bit lines 15 and 18. 
These trenches facilitate in the forming of the bit lines 15 and 18 and the floating gates 14 and 20, and 
15 are described further in conjunction with Figure 3. In one embodiment, the trenches 21 and 22 are filled 
with a material such as silicon dioxide after fabrication of the bit lines and floating gates. 

Figure 3 is a flowchart 300 of a method for forming memory cells according to one 
embodiment of the present invention. Although specific steps are disclosed in flowchart 300, such steps 

20 are exemplary. That is, the present invention is well suited to performing variations of the steps recited 
in flowchart 300. It is also appreciated that other processes and steps associated with the fabrication of 
memory cells may be performed along with the process illustrated by Figure 3; that is, there may be a 
number of process steps before, during and after the steps shown and described by Figure 3. 
Importantly, embodiments of the present invention can be implemented in conjunction with these other 

25 (e.g., conventional) processes and steps without significantly perturbing them. Generally speaking, 
process steps associated with the various embodiments of the present invention can be added to a 
conventional process without significantly affecting the peripheral processes and steps. 

Various techniques known in the art are used to fabricate a semiconductor device such as a 
30 memory cell. In general, these techniques involve repeating, with variations, a number of characteristic 
steps or processes. One of these characteristic steps or processes involves applying a layer of material to 
an underlying substrate or to a preceding layer, and then selectively removing the material using, for 
example, an etch process. Another of the characteristic steps or processes involves selectively adding a 
dopant material to the substrate or to one or more of the subsequent layers, in order to achieve desirable 
35 electrical performance. Using these characteristic processes, a semiconductor, generally comprising 

different types of material, can be accurately formed. These characteristic processes are known in the art, 
and so are not elaborated upon herein. 

The process of flowchart 300 is described in conjunction with Figures 4A through 4E. Figures 
40 4A through 4E illustrate memory cells at various stages as they are being formed according to one 
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embodiment of the present invention. For simplicity of discussion and illustration, flowchart 300 is 
described for a small number of memory cells, although in actuality many such memory cells can be 
formed. 

5 In step 310 of Figure 3, in the present embodiment, and with reference to Figure 4 A, trenches 

21 and 22 are formed in a substrate L0. In one embodiment, the substrate 10 is silicon dioxide. 

In step 320 of Figure 3, with reference also to Figure 4B, a dopant material is implanted at an 
angle to form bit lines 15 and 18 within the substrate 10 (below the surface of substrate 10). In one 
10 embodiment, the dopant material includes arsenic. 

In step 330 of Figure 3, with reference also to Figure 4C, a tunnel oxide layer 13 is grown over 
the surface of the substrate 10, including the sides and bottoms of trenches 21 and 22. In one 
embodiment, the tunnel oxide layer 13 includes silicon dioxide. 

15 

In step 340 of Figure 3, with reference also to Figure 4D, floating gates 14 and 20 are formed in 
the trenches 21 and 22. In one embodiment, the floating gates 14 and 20 are formed using polysilicon. 

In step 350 of Figure 3, with reference also to Figure 4E, a dielectric layer 12 (interpoly 
20 dielectric layer) is formed over the floating gates 14 and 20, and also over the exposed portions of the 
tunnel oxide layer 13. In one embodiment, the dielectric layer 12 includes oxide-nitride-oxide. 

In step 360 of Figure 3, with reference also to Figure 4E, a control gate 1 1 is formed over the 
dielectric layer 12. The control gate 1 1 is selectively formed over the various nodes to form word lines, 
25 as illustrated by Figure 2. In one embodiment, control gate 1 1 is formed using polysilicon. As 

described above, in one embodiment, control gate 1 1 is thicker in the locations between adjacent floating 
gates 14 and 20, extending between those floating gates. 

In summary, the present invention, in its various embodiments, allows the density of memory 
30 cells in a memory array to be increased while maintaining or improving performance. 

The foregoing descriptions of specific embodiments of the present invention have been presented 
for purposes of illustration and description. They are not intended to be exhaustive or to limit the 
invention to the precise forms disclosed, and obviously many modifications and variations are possible 
35 in light of the above teaching. The embodiments were chosen and described in order to best explain the 
principles of the invention and its practical application, to thereby enable others skilled in the art to best 
utilize the invention and various embodiments with various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the invention be defined by the Claims appended 
hereto and their equivalents. 
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